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Introduction 1 Through the 1980s, the prevalence of asthma and allergies among children increased in 2 developed countries (Asher et al., 2006) . In fact, the increase in the prevalence of asthma and 3 allergies in adults as well as in children has gained attention during recent years (WHO, 2005) . 4
Various reviews have focused on the associations between increasing asthma and allergies and 5 indoor environmental factors such as house dust mite allergens, environmental tobacco smoke, 6 mould, pets, and nitrogen dioxide. Thus, the indoor environment may have contributed to the 7 increase in asthma and allergies. One of the reasons for increasing asthma and allergies are 8 phthalates. Phthalates have been used as plasticisers for various plastic products, such as toys, 9 food containers, furniture, personal care products, medical devices, and paints. And humans are 10 exposed to phthalates throughout their lifetime, beginning in foetal stages. Due to their hand-to-11 mouth behaviour and eating without hand washing after playing, assessing the exposure of 12 children to dust contaminated with SVOCs is regarded as an important issue (Wormuth et al., 13 other previous studies, the levels of DEHP in house dust in Japan were higher than in studies from 23
Sweden (Bornehag et al., 2005) , Bulgaria (Kolarik et al., 2008) , Germany (Abb et al., 2009; 24 Fromme et al., 2004) , Denmark (Langer et al., 2010) (Clausen et al., 2003) , Taiwan (Hsu et al., Dust collection, gas chromatography/mass spectrometry (GC/MS) analytical methods, and 1 quality assurance measures have been previously reported (Araki et al., 2013; Kanazawa et al., 2 2010; Saito et al., 2007) . Briefly, dust samples were categorised as one of two types: floor dust or 3 multi-surface dust. Floor dust samples were collected from all surfaces of the living room floor for 4 1 min/㎡. Samples of multi-surface dust were collected from the surface of objects that were more 5 than 35 cm above the living room floor, such as shelves, cupboards, doorframes, window frames, 6 TV sets, audio sets, and personal computers. The same type of hand-held vacuum cleaner 7 (National HC-V15, 38W, Matsushita Electric Works, Ltd., Osaka, Japan) equipped with a paper 8 dust bag (Nichinichi Pharmaceutical Co., Ltd., Mie, Japan) was used in all dwellings. To avoid 9 cross-contamination between samples, vacuum nozzles were washed in an ultrasound bath, and 10 vacuum cleaners were wiped with ethanol after each sample was collected. The collected dust was 11 stored in stoppered glass test tubes that had been cleaned with acetone. The tubes were sealed with 12 fluoric-tape, wrapped with aluminium foil, and kept at −20 °C until the day of analysis. Using 13 tweezers, unwanted substances, such as human and animal hair, insects, food scraps, and scrap 14 paper, were removed from the dust samples. One millilitre of acetone per 25 mg dust was added to 15 each sample (25-50 mg dust/sample). The dust collected in the test tubes was subjected to 16 ultrasonic extraction with residue analysis-grade acetone (Wako Pure Chemical Industries, Ltd., 17 Osaka, Japan) for 20 minutes and allowed to stand overnight. An internal standard (IS), 0.1 lg/ml 18 DnBP-d4 was added to each sample for monitoring and quantification. After centrifugation at 19 2500 g for 10 min, the supernatants were injected onto a Ultra-1 column (Agilent J&W Scientific 20 Inc., Folsom, CA, USA) for GC/MS (Agilent Technologies Inc., Palo Alto, CA, USA) at the 21 Tokyo Metropolitan Institute of Public Health in Tokyo, Japan. The operating conditions for 22 GC/MS are shown in Table S1 . Seven phthalates and DEHA were analysed using GC/MS in SIM 23 mode at a temperature of 280°C. The quantification ion of and the 149, 177; DiBP, 149, 223; DnBP, 149, 223; BBzP, 149, 206; DEHP, 149, 167; DiNP, 149, 167; 1 DEHA, 129, 147. 2 3 2.4 . Quality assurance and quality control 4 A calibration curve was constructed using six different concentrations (0.05, 0.1, 0.5, 1.0, 5 2.0, or 5.0 lg/ml for each of the 8 compounds) together with IS (0.1 lg/ ml) in acetone for GC/MS 6 analysis. Good linear correlations between the concentration of target compounds and the ratio of 7 the peak area of each compound with respect to the IS were obtained. Recovery tests were 8 performed using dust samples. After 50 ng of each phthalate was individually added to each 50 9 mg dust sample, the air-dried samples were extracted with 1 ml of acetone and analysed by 10 GC/MS (n =3). The recovery rate ± standard deviation ranged from 80.5 ± 1.6 for DMP to 99.9 ± 11 4.5 for DINP (Table S2 ). The instrumental limit of detection (LOD) was defined as the absolute 12 amount of an analyte that yielded a signal-to-noise ratio of 3 (S/N =3). As for DnBP and DEHP, 13 which were detected in methods blanks, LOD was calculated from 10-fold of the standard 14 deviation (10SD), which was calculated from the blank tests (n=6). The method detection limits 15 (MDLs) were calculated based on the LODs, the sample weight, and the volume of the extract. 16
The calculated MDL for each of the phthalates in dust is shown in Table 1 ; phthalates with 17 concentrations below the MDL were assigned a value of half the MDL. A phthalate was identified 18 when its peak was within ±5 seconds of the retention time of a specific phthalate in the calibration 19 standard and the relative noise intensity was within ±20% of that from the standard phthalate. 20 Quantification of each phthalate was first determined based on the peak area ratio of the standard 21 curve, and then the concentrations of individual phthalates in the dust samples (C dust ) (μg/g) were 22 calculated based on Equation 1: 23
where A sample weight is the sample weight injected for GC/MS (ng), A travel blank is the weight of the 1 travel blank injected for GC/MS (ng), E is the extract volume (ml), v is the injected volume (μl), 2 and W is the weight (g) of the dust sample that was used for extraction. To avoid phthalate 3 contamination, all glass tubes and stainless steel equipment used in sample collection and analysis 4 were ultrasonicated for 10 min in acetone, rinsed with acetone, and then air dried. To examine the 5 background levels of phthalates from materials used for sampling, the vacuum dust bag and the 6 ethanol-soaked cotton used to wipe the vacuum nozzle were extracted with acetone and analysed 7 by GC/MS to confirm that there were no phthalate peaks (Kanazawa et al., 2010; Saito et al, 2007) . 8 9
Other environmental measurements 10
House dust mite allergen, house dust phosphorus flame retardants (PFRs), airborne fungi, 11 formaldehyde, and volatile organic compounds (VOCs) in the air were also measured. The 12 methods and results for the analysis of these environmental factors have been described elsewhere 13 (Araki et al., 2010 (Araki et al., , 2013 . Briefly, house dust for mite allergens was collected using the same 14 procedure for floor dust sampling. Samples were stored at −20 °C in a plastic bag and sent to 15 Nichinichi Pharmaceutical Co., Ltd. (Mie, Japan) where 5 mg of fine house dust was sieved with a 16 300 μm mesh and measured. Dermatophagoides pteronyssinus 1 allergen (Der p1) and 17
Dermatophagoides farinae 1 allergen (Der f1) levels were determined using commercially 18 available monoclonal antibody-based colorimetric enzyme-linked immunosorbent assays (ELISA) 19 (Der p1 and Der f1 ELISA kits; Nichinichi Pharmaceutical Co., Ltd, Mie, Japan). Dust treatment 20 and measurement of dust mite allergens were carried out using the method described by Ogino et 21 al. (2002) . If allergen levels were lower than the detection limit (0.1 μg/g fine dust), they were 22 considered to be 0.05 μg/g of fine dust. The sum of the determined Der p1 and Der f1 is described 23 as "mite allergen Der1" hereafter. 24
Data analysis 1
To ensure validity of the analysis of the phthalates, we only included the dust samples that 2 were greater than 25 mg in the analysis (Araki et al., 2013; Kanazawa et al., 2010) . Therefore, 3 among the 182 homes in the second follow-up study, 156 were included. Furthermore, among 4 these 156 homes, 8 and 36 homes had missing data for floor dust and multi-surface dust, 5 respectively. Thus, 112 homes had complete data for both floor dust and multi-surface dust, and 6 yielded samples that were above 25 mg (used for the correlation analysis). As for outcomes, 516 7 subjects had complete data on personal factors, and home environmental factors used as 8 confounders in the linear models. Therefore, in the present study, the results of the analyses on 9 floor dust and multi-surface dust include 148 homes with 496 inhabitants and 120 homes with 389 10 inhabitants, respectively. The correlation coefficient values between floor and multi-surface dust 11 were calculated using the Spearman's rank correlation test for the samples both floor and multi-12 surface dust collected (Table S3 ). Participants aged between 0 and 14 years old were considered to 13 be "children" and those 15 years or older were considered to be "adults" because in the field of 14 Japanese pediatrics, children are defined as being under 15 years old. Tertile phthalate levels were 15 created according to the observed distribution of phthalate concentration in dust (lowest 16 concentration category as the reference). Liner associations based on of phthalate level tertiles are 17 shown as ORs of each outcome, 95% CI, (confidence intervals) and P for trend (P trend ). A DEHA 18 level was created using a low/ high variable according to median concentrations of DEHA because 19 the number of cases for DEHA distribution was insufficient to create tertiles. DMP and DEP 20 levels were assessed using a 0/1 variable (absent/ present) due to the low detection rate. To take 21 into account the relatedness of household members, associations between the prevalence of asthma 22 and allergies and the levels of phthalates in house dust were evaluated using a generalized liner 23 mixed effect model. The results are presented as crude and adjusted odds ratios (ORs) with 95% female), age strata (=< 14/ +15 years old), ETS (current smoker/ non-smoker, ETS/ non-smoker, 1 non-ETS), furry pets inside the house (yes/ no), and signs of dampness (yes/ no). Signs of 2 dampness are represented using a "dampness index (0-5)" calculated by summing the number of 3 observations in each dwelling based on five signs (Kishi et al., 2009; Saijo et al., 2012) . Other 4 potential confounders [Der 1 (continuous), other phthalates (continuous), airborne fungi 5 (continuous), formaldehyde (continuous), total VOC (continuous), and building characteristics 6 such as structure (wood/ others), age of house (3-5/ 6-8 years), and floor materials (wood/ others)] 7 were selected if the estimate of the association between the health outcome and exposure were 8 changed by >10%. Der 1 and other phthalates with a change of >10% in the estimate were 9 included in the model. Each phthalate was adjusted for the sum of other phthalate concentrations 10 except its own; DEHP was adjusted for the sum of DMP, DEP, DiBP, DnBP, BBzP, DiNP, and 11 DEHA. We created two models: the variables of gender, age strata, ETS, furry pets inside the 12 house, dampness index, and Der 1 were used as confounders in Model 1; the variable of other 13 phthalates was fitted in the final model (Model 2) to evaluate a mutually adjusted model. To test 14 the interaction effect between children and adults, we tested for the interaction effects of age strata 15 (child/ adult) and exposure (phthalates) categories using generalized liner mixed effect models. 16
Each of the ORs for exposure in children and adults was estimated using simultaneous estimations. 17
Interaction effects are shown as P for interaction (P interaction ). The association of each of the 18 phthalates was modelled separately. For statistical analyses, a two-tailed test and a 5% level of 19 significance were used. All analyses were performed using SPSS 19 for Macintosh (SPSS Inc., 20 Chicago, IL, USA) and SAS 9.3 (SAS Institute Inc., Cary, NC). 21 22
Ethical considerations 23
The study protocol was approved by the ethics board for epidemiological studies at the universities involved in the study. All participants and their parents, when relevant, provided 1 written informed consent to participate in the study. 2 Table 1 shows the phthalate distribution in dust. DEHP was found at the highest median 2 concentration and was detected in 100% of both floor and multi-surface dust. DINP had the 3 second highest concentration in both floor and multi-surface dust, followed by DnBP, DEHA, and 4 DEP. DMP was not detected in more than half of the samples of both floor and multi-surface dust. 5
Results 1
For all phthalates, floor and multi-level dust concentrations were positively correlated (P < 0.01) 6 ( Table S3 ). The level of DiBP was significantly higher in floor dust than in multi-surface dust (P < 7 0.001) ( Table S3 ). 8 Table 2 shows the personal characteristics and prevalence of bronchial asthma and allergies. 9
The number of participants/household (Mean [range]) was 3.8 (2-7). The allergy with the highest 10 prevalence was allergic rhinitis in both children and adults. 11 Table 3 shows the generalized liner mixed effects analysis and interaction effects of age 12 strata and phthalate categories of the association between phthalates in house dust and prevalence 13 of bronchial asthma and allergies. As for floor dust, we obtained significantly positive liner 14 associations between asthma and DiBP and DnBP, respectively. The prevalence of allergic rhinitis 15 was significantly associated with DMP (P = 0.002), and a slightly positive liner association was 16 observed for BBzP, however, it was not statistically significant (P trend = 0.058). A significantly 17 positive liner association was obtained between the prevalence of allergic conjunctivitis and 18 DEHP. Significantly positive liner associations were also obtained between the prevalence of 19 atopic dermatitis and DiBP, BBzP, and DEHP, respectively. Significant interaction effects were 20 obtained between bronchial asthma and DiNP, and between allergic rhinitis and DMP. No 21 significant associations were obtained in multi-surface dust. 22 Table 4 shows simultaneous estimation of age strata with generalized liner mixed effect 23 model of the associations of phthalates in floor dust and prevalence of bronchial asthma and 24 allergies (n=496 participants; 148 homes). In the case of bronchial asthma and allergic rhinitis obtained from the interaction effects in Table 3 , the ORs of bronchial asthma were higher in adults 1 compared to children for DiNP. However, no significant liner associations were obtained. The 2 ORs for allergic rhinitis were higher in children compared to adults for DMP. Moreover, for 3 participants, where DMP from floor dust was detected, higher ORs for allergic rhinitis were 4 obtained compared to participants who lived in dwellings where it was not. Although there was no 5 statistical significance for interaction effect (P interaction = 0.427), we observed positive liner 6 associations between allergic conjunctivitis and DEHP in both children and adults, and the ORs 7 obtained were higher for children than adults. In the same way, although there were no statistically 8 significant interaction effects between atopic dermatitis and DiBP, BBzP, and DEHP, respectively 9 (P interaction > 0.05), we observed significantly positive liner associations between atopic dermatitis 10 and DiBP and BBzP in children, and between atopic dermatitis and DEHP in adults. The ORs 11 obtained for atopic dermatitis were higher in children than in adults for DiBP and BBzP, but lower 12 for DEHP. Before mutually adjusting the model, we observed significantly positive liner 13 associations between allergic rhinitis and DiBP in children (P trend = 0.016) and BBzP in both 14 children (P trend = 0.007), and adults (P trend = 0.044) (Table S4 ). Moreover, these ORs for allergic 15 rhinitis were higher in children than in adults. However, there was no statistical significance 16 regarding the interaction effect for both DiBP and BBzP (P interaction >0.05 in Table S4 ). 17 Table 5 shows simultaneous estimation of age strata with generalized liner mixed effect 18 model of the associations of phthalates in multi-surface dust and prevalence of bronchial asthma 19 and allergies (n= 389 participants; 120 homes). There were no significant associations between 20 the prevalence of asthma and allergies and any phthalates in multi-surface dust.
Discussion 1
Our results from the present study suggest that the associations between house dust 2 phthalates and the prevalence of allergic rhinitis, allergic conjunctivitis, and atopic dermatitis were 3 stronger for children than for adults, On the other hand, the prevalence of bronchial asthma was 4 higher in adults than in children after simultaneously estimating for the interaction effects of age 5 and exposure categories using generalized liner mixed models. Moreover, theses results were 6 obtained in dust collected from floor surfaces only. We suggest that children are more vulnerable 7 to phthalate exposure via floor dust than are adults. Environmental contaminants more severely 8 affect children than adults due to 1) a higher ratio of body surface area to volume than adults, and 9
2) behavioural and physiological differences (U.S. EPA, 2002) . For example, children are more 10 highly exposed to house dust than are adults because of their hand-to-mouth behaviour and eating 11 food without hand washing after playing. Additionally, children frequently eat food that has been 12 dropped on the floor (U.S.EPA 2011). Finally, children generally spend more time at home 13 compared to adults. Our results are consistent with these behavioural and physiological theories. 14 In this study positive associations between levels of phthalates in dust and prevalence of 15 asthma and allergies were obtained only for the dust samples collected from floor surfaces. Floor 16 dust samples were collected from all surfaces of the living room floor. In Japan, people generally 17 sit on the floor when relaxing. Therefore, floor dust more highly affected inhabitants' prevalence 18 of bronchial asthma and allergies than multi-surface dust. In addition, children sit and play on the 19 floor more than adults do when spending time in the house. The main routes of exposure to house 20 dust for inhabitants are expected to be by inhalation, dermal contact, and, especially for children, 21 by ingestion (Beko and others 2013). Thus, when using house dust in an exposure assessment, it is 22 very important to note the collection site of the dust samples. 23
In the present study, high levels of DiBP were related to bronchial asthma and atopic 24 dermatitis. Hoppin et al. (2004) reported that urinary monobutyl phthalate (MBP), a metabolite of di-butyl phthalate, was associated with decrements of pulmonary function. Our results on the 1 association between DnBP and bronchial asthma were consistent with this study. On the other 2 hand, as for atopic dermatitis, no epidemiological studies have reported any adverse dermal effects 3 of DBP. Only animal studies focusing on skin irritations and sensitisations have been conducted, 4 but no association was observed (European Chemicals Bureau, 2004) . DBPs are used for 5 consumer product such as PVC-toys, personal care products, cosmetics, and perfume. Further 6 studies are needed to confirm our results. The levels of BBzP were related to atopic dermatitis. 7 Bornehag et al. (2004) reported that allergic dermatitis in children was related to the high levels of 8 BBzP in house dust (Bornehag et al., 2004) . Just et al. (2012) reported that prenatal exposure of 9
BBzP was related to children's eczema at 60 months of age. Our results are consistent with these 10 previous studies. In this study, the high levels of DEHP were related to allergic conjunctivitis and 11 atopic dermatitis. We previously reported that DEHP levels in floor dust were associated with 12 mucosal symptoms in inhabitants (Kanazawa et al., 2010) . DEHP may cause mucosal symptoms 13 such as eye and dermal irritation. However, data available for both humans and animals are 14 insufficient to show any irritation/ sensitisation effect on the eye or skin due to DEHP, further 15 studies are needed to confirm our results. 16
When simultaneously estimating for the allergic impacts on the exposure to house dust 17 phthalates for children and adults, children had higher ORs than adults for the associations 18 between allergic rhinitis and DiBP; between allergic conjunctivitis and DEHP; and between atopic 19 dermatitis and DiBP and BBzP. Before adjusting for other phthalates, levels of DiBP were 20 associated with allergic rhinitis in children (Table S4 ). This suggests that the impact of DiBP may 21 be reversed with other phthalate such as DEHP and DiNP. On the other hand, our data showed 22 that bronchial asthma was associated with DiNP in adults. Hoppin e al. (2013) reported that 23 urinary MBzP level was associated with current allergic symptoms (wheeze, asthma, hay fever, 24 and rhinitis) in adults, but inversely associated with current hay fever in child (6-17 years old) (Hoppin e al., 2013). However, we did not have any results that were consistent with those found 1 in Hoppin's study in neither children nor adults. In this study, most ORs for interaction effects and 2 their P for interaction were not statistically significant. Because of our small sample size, it was 3 difficult to show any statistical significance using interaction models. While our sample size may 4 have been too small to evaluate interaction effects by age strata, our results suggest that stronger 5 associations between prevalence of allergies and levels of phthalate were found in children 6 compared to adults. 7 Furthermore, epidemiological evidence of associations between phthalates and allergic 8 symptoms are limited. Only four epidemiological studies have reported an association between 9 phthalates in house dust and asthma and allergies (Bornehag et al., 2004; Callesen et al., 2013; 10 Hsu et al., 2012; Kolarik et al., 2008b) . Although house dust is not the primary means of exposure 11 to phthalates, it does represent an important source of phthalate exposure in both children and 12 adults. Therefore, further studies are needed to confirm our findings. 13
Phthalate levels in house dust have been measured in several previously reported studies 14 (Abb et al., 2009; Becker et al., 2004; Bornehag et al., 2005; Bornehag et al., 2004; Clausen et al., 15 2003; Guo and Kannan, 2011; Hsu et al., 2012; Kanazawa et al., 2010; Kang et al., 2012; Kolarik 16 et al., 2008a; Kolarik et al., 2008b; Langer et al., 2010; Nagorka et al., 2005; Oie et al., 1997; 17 Rudel et al., 2003) . Comparing the levels of phthalates in our study to those of the other studies 18 (Abb et al., 2009; Bornehag et al., 2004; Clausen et al., 2003; Fromme et al., 2004; Guo and 19 Kannan, 2011; Hsu et al., 2012; Kang et al., 2012; Kolarik et al., 2008b; Langer et al., 2010; 20 Nagorka et al., 2005) , DEHP levels in our study were slightly higher than those reported in the 21 other studies in both floor and multi-surface dust. In contrast, BBzP, DnBP, and DINP levels were 22 lower in our study compared to the other studies. We previously reported that house dust levels of 23 DEHP were higher and that BBzP levels were lower in Japan than in other countries, especially in comparison to the levels in Europe and the U.S. (Ait Bamai et al., 2013) . Our results were 1 consistent with our previous report. 2
There are several limitations in this study. First, since the participants in this study were 3 those still remaining at the phase three follow-ups, selection bias may have occurred. Ultimately, 4
this study was a cross-sectional study, and any causal relationships between phthalate levels and 5 health outcomes were not discernible. Second, our study only included detached dwellings aged 6 less than 8 years, thus our results may not be applicable to other types of dwellings. Selection bias 7 of the population may be occurred. Moreover, since there are differences in the phthalate levels in 8 house dust between newly built houses and old houses, the phthalate levels in this study will be 9 generalizable only to relatively new dwellings. Third, environmental measurements were 10 conducted only once. Seasonal and environmental factors affect the quantity and composition of 11 house dust (Mercier et al., 2011) . However, we consciously used the same sampling season 12 between six regions from October to December in 2006. Moreover, pore size of the dust bag filter 13 that we used for dust sampling was not measured. Therefore, it is possible that we missed those 14 phthalates attached to smaller particles of dust when we collected the dust. Fourth, we could only 15 measure a limited number of environmental factors related to allergies. Several environmental 16 factors known to influence allergies such as mute allergens and mould were measured; however, 17 other factors such as particle matter were not considered. Fifth, because many statistical analyses 18 on the relation between phthalates and allergies were carried out, statistical significance may have 19 occurred by chance. Thus, false positive associations are possible. Our sample size may also have 20 been too small to evaluate interaction effects by age strata. Moreover, socio-economic status such 21 as household income and educations were not assessed. However, because all participants lived in 22 their own newly built detached house, it was considered that their socio-economic statuses was 23 similar and belonged to the middle class (Saijo et al., 2004) . Lastly, health outcomes were 24 assessed using questionnaires of 2-years prevalence of bronchial asthma and allergies. Any biological markers to assess outcomes such as immunoglobulin E were not measured. On the other 1 hand, Callesen et al. (2013) recently reported that DEHP in dust was associated with children's 2 wheeze based on symptoms reported in a questionnaire, but not based on doctors' diagnoses 3 (Callesen et al., 2013) . Moreover, bronchial asthma is not diagnosed in the case of acute bronchial 4 infections based on the 2012 Japan pediatric guidelines for the treatment and management of 5 asthma (Hamazaki et al., 2012) . Therefore, misclassification of health outcomes may have 6 occurred. The cut-off point of the age categories used in this study was "below 15" for "children" 7 and "more than 15 years old" for "adults" thus the association between house dust and allergies in 8 toddlers could not be determined. The prevalence of bronchial asthma and allergies are different in 9 toddlers, teenagers, and adults. We could not carry out multivariate analyses in three age 10 categories (toddlers, teenagers, and adults) due to the small numbers of toddlers. Moreover, 11 "pediatrics" is commonly defined as those under 15 year of age in Japan. Therefore, we used this 12 definition in the present study and then adjusted for the influence of age using "age strata" in the 13 analyses. 14 In this study, we suggest that the levels of DMP, DEHP, DiBP, and BBzP in floor dust were 15 associated with the prevalence of allergic rhinitis, conjunctivitis, and atopic dermatitis in children, 16 and children are more vulnerable to phthalate exposure via household floor dust than are adults. 17 18
Conclusion 19
This cross-sectional study showed the associations between the prevalence of bronchial 20 asthma and allergies and levels of phthalates in house dust using interaction effects of age and 21 exposure categories in a generalized liner mixed effect model. Interaction effects were obtained 22 between DMP and allergic rhinitis in children and between DiNP and bronchial asthma in adults. 23
Levels of DMP, DiNP, DEHP, DiBP, and BBzP in floor dust had liner associations with the association was seen in children compared to adults. No significant associations were found in 1 phthalates levels collected from multi-surfaces. This may suggest that humans, especially children 2 are exposed to phthalates from lower place rather than higher place. Elaborate assessments for 3 metabolism of phthalates were not considered, and further studies are needed to advance our 4 understanding of phthalate toxicity. , age strata (=<14, +15 years old), environmental tobacco smoke (current smoker/ non-smoking, ETS/ non-smoking, non-ETS), dampness index (0-5), furry pets inside the home (yes, no), and Der1 (continuous) plus the sum of other phthalates: DiBP in floor dust were adjusted for the sum of floor dust phthalate concentration except DiBP; DMP, DEP, DnBP, BBzP, DEHP, DiNP, and DEHA in floor dust. ᵇ: Adjusted for gender (male, female), age strata (=<14, +15 years old), environmental tobacco smoke (current smoker/ non-smoking, ETS/ non-smoking, non-ETS), dampness index (0-5), furry pets inside the home (yes, no), and Der1 (continuous) plus the sum of other phthalates: DiBP in multi-surface dust were adjusted for the sum of multi-surface dust phthalate concentration except DiBP; DMP, DEP, DnBP, BBzP, DEHP, DiNP, and DEHA in multi-surface dust. ᶜ: a categorical variable of "absence / presence". ᵈ: P for interaction was separately estimated by adding an interaction term of age strata and phthalate categories into the model adjusted by the variables as aboveª. †: P< 0.1; *: P< 0.05; **:P< 0.01 ª: Adjusted for gender (male, female), age strata (=<14, +15 years old), environmental tobacco smoke (current smoker/ non-smoking, ETS/ non-smoking, non-ETS), dampness index (0-5), furry pets inside the home (yes, no), and Der1 (continuous). ᵇ: a categorical variable of "absence / presence". †: P< 0.1; *: P< 0.05; **:P< 0.01
Table S5
The generalized liner mixed analysis of phthalates in multi-surface dust and prevalence of asthma and allergies (n=389 participants; 120 homes). ª: Adjusted for gender (male, female), age strata (=<14, +15 years old), environmental tobacco smoke (current smoker/ non-smoking, ETS/ non-smoking, non-ETS), dampness index (0-5), furry pets inside the home (yes, no), and Der1 (continuous). ᵇ: a categorical variable of "absence / presence". †: P< 0.1; *: P< 0.05; **:P< 0.01
